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Owing to their significant hardness and compressive strengths, ceramic materials are widely employed for use with protective systems subjected to highvelocity impact loadings. Therefore, their mechanical behaviour along with damage mechanisms need to be significantly investigated as a function of loading rates. However, the classical plate-impact testing procedures produce shock loadings in the brittle sample material which cause unrealistic levels of loading rates. Additionally, high-pulsed power techniques and/or functionally graded materials used as flyer plates to smooth the loading pulse remain costly, and are generally difficult to implement. In this study, a shockless plate-impact technique based on the use of either a wavy-machined flyer plate or buffer plate that can be produced by chip-forming is proposed. A series of numerical simulations using an explicit transient dynamic finite-element code have been performed to design and validate the experimental testing configuration. The calculations, conducted in two-dimensional (2D) plane-strain or in 2D axisymmetric modes, prove that the 'wavy' contact surface will produce a pulseshaping effect, whereas the buffer plate will produce a homogenizing effect of the stress field along the transverse direction of the sample. In addition, 'wavy-shape' geometries of different sizes provide an easy way to change the level of loading rate and rise time in an experimentally tested ceramic specimen. Finally, when a shockless compression loading method is applied to the sample, a Lagrangian analysis of data is made possible by considering an
Introduction
Brittle materials (ceramics, rocks, concrete, glass) are often subjected to impact or blast loadings in various applications when used as armour [1, 2] , protective structures [3] [4] [5] , in the mining industry [6] and additionally in various industrial processes. When subjected to these conditions, brittle materials often suffer extreme damage mechanisms such as microplasticity, microcracking, fragmentation or collapse of pores that need to be investigated. Several experimental methods have been proposed in the open literature to characterize the response of brittle materials at high loading rates. The edge-on impact (EOI) testing technique has been widely used to investigate the damage modes produced by the impact loading of ceramics [7] [8] [9] , ultra-high-strength concrete [10] and rocks [11] [12] [13] . For an open experimental configuration, an ultra-high-speed camera is employed to observe the growth of damage at recording frequencies of approximately 1 Mfps (million frames per second). Otherwise, in the so-called sarcophagus configuration, a metallic casing that surrounds the impacted specimen is used in order to keep all the fragments in place, and then the fractured target is saturated with a hyper-fluid resin under vacuum and the fracturing pattern can be observed post-mortem. However, the EOI experimental method does not provide any direct measurement of the tensile strength and/or compressive strength of the tested sample material. This drawback is corrected in the plate-impact testing technique, which constitutes the most used experimental method to characterize the spall strength and compressive yield strength (HEL: Hugoniot elastic limit) of brittle materials under shock loadings. With this technique, a metallic or polymeric flyer plate hits the tested target at an impact velocity ranging from a few tens of metres per second to a few thousands of metres per second as illustrated in figure 1a . Additionally, a laser interferometer, such as the VISAR (Velocity Interferometer System for Any Reflector) [14] , can be pointed at the rear surface of the tested specimen to record the particle velocity. This experimental method has been used since the 1970s to characterize the HEL (σ HEL ) of alumina ceramics [15] based on the following equation given by Taylor & Rice [16] (in the case when no window backing is used):
where ρ 0 is the sample material's undeformed density, C L is the longitudinal wave speed and U HEL is the sample material's rear free-surface velocity at which an inelastic macroscopic behaviour occurs. On the other hand, piezoresistive gauges, which are based on the change of electrical resistivity with pressure in piezoresistor materials such as manganin coils (cf. [17] ), are used to record the stress level in the sample material [18] . This technique has been used to measure the change of longitudinal stress σ x and lateral stress σ y as functions of time. These stress values are then used to obtain the shear strength τ of the material as discussed by Bourne et al. [19] from
Based on this methodology, a comparison of the deviatoric response of two silicon carbide materials was proposed [19] under shock levels up to 20 GPa. However, the standard plate-impact testing technique suffers from significant limitations. In particular, the shock loading does not provide a regular and accurately controllable loading rate. Below the HEL, the strain rate is very high (approx. 10 7 -10 8 s −1 in [20] ) and is difficult to measure. In addition, with the standard flyer plate method there is no way of adjusting the required loading rate except by changing the impact speed of the striker plate. Finally, the real influence of strain rate is rarely discussed and is not accurately measured for most of brittle materials tested using plate-impact experiments. An alternative to plate-impact experiments is the use of high-pulsed power devices such as GEPI [21] in France, Veloce [22] or the Z machine [23, 24] in the USA to perform isentropic compression experiments (ICE). These machines are based on the release of very-high-intensity currents (several MA) into metallic electrodes, creating a very intense magnetic field. This magnetic field produces a Laplace effect that generates mechanical pressures on the electrodes along with the material sample being tested. Rise times of a few hundreds of nanoseconds can be obtained on these three machines. Here, the GEPI [21] has a rise time of 550 ns, the Z machine has rise times ranging from 100-300 ns, and the Veloce [25] has a rise time of 450 ns. By varying the intensity of the released current, and/or the width of the electrodes, a large range of peak longitudinal stresses is obtainable (from several tens of MPa to several tens of GPa). These devices can be used to perform isentropic compression tests on several types of material. The GEPI machine has been used to characterize the equation of state (EOS) of metallic materials such as 27NCD10 steel or tin. The Z machine has been used to characterize the isentropes of lead and lead-antimony alloy to about 400 kbar as discussed by Rothman et al. [25] . In [26] 
and Veloce machines were used for quasi-isentropic compression tests on 6061-T6 aluminium, and provided longitudinal stresses ranging from 6 to 55 GPa. Typical strain rate ranging from few 10 5 s −1 to 10 6 s −1 were attained by Volger [27] . Ceramic materials can also be characterized using these generators. Indeed, Zinszner et al. [28, 29] have performed ICE on silicon carbides using the GEPI device and obtained longitudinal stresses in the ceramic material greater than 20 GPa. The same device was used by LaLone & Gupta [20] to characterize the elastic limit of x-cut quartz. However, these high-pulsed power technology techniques suffer from the important following limitations. In addition to being costly and complex, these experiments are limited to small samples due to the fact that the applied magnetic pressure is inversely proportional to the square of the electrode's width (Laplace effect), and the rise time associated with each device is fixed and cannot be easily changed. Additionally, due to high-intensity electromagnetic fields, it is not possible to use pressure gauges with the samples being tested because of strong electric perturbations. Finally, these high-pulsed power experimental methods are rarely employed in university research laboratories.
For this reason, several authors have explored the possibility of performing ICE with plateimpact testing devices by using heterogeneous or layered material systems which smooth the loading pulse. Several experimental, analytical and numerical studies are reported in the literature on the shock response developed by these plate-impact testing systems. In particular, Tsai & Prakash [30] investigated the influence of layers of various properties and thicknesses on the shock response of a two-dimensional (2D) layered system. The shock wave propagation in periodically layered composites was analysed by Zhuang et al. [31] and also by Chen & Chandra [32] . In addition, the influence of heterogeneities (layered and particulate composite materials) on the strain rate and stress amplitude was examined by Vogler et al. [33] through mesoscale simulations.
The use of heterogeneous or graded material systems as the flyer plate to attain non-shock thermodynamic states (isentropic loading) has been considered by several authors. Barker [34] proposed the use of graded-density impactors constructed from powder sedimentation techniques to create a material with smoothly varying density. In Carroll et al. [35] , the possibility of using a graded-density impactor made of successive layers (tantalum, copper, titanium, 6061-T6 aluminium, magnesium, TPX) was considered to produce a 'stair' rising edge. This technique was later improved by Jarmakani et al. [36] , who developed functionally graded materials of densities varying from 1.2 to 8 g cm −3 or from 0.1 to 2.7 g cm −3 or from 2.7 to 15 g cm −3 by using sintered aluminium or tungsten powders or by incorporating a foam matrix. Typical strain rates of the order of a few 10 4 s −1 were applied to the tested single-crystalline copper in ICE experiments, which are about 10 5 orders of magnitude lower than the strain rate achieved in shock loading (10 9 -10 10 s −1 ) as discussed by Jarmakani et al. [36] .
Until recently, testing techniques based on the use of heterogeneous or graded flyer plates in plate-impact experiments have been rarely employed to test brittle materials such as ceramics, concretes or rocks, and the strain-rate sensitivity of this type of material under isentropic compression loading remains an open area of research. In addition, the design and production of functionally graded materials remains a difficult and expensive process.
This study aims at exploring the possibility to develop a shockless plate-impact testing technique dedicated to brittle materials based on the use of a flyer plate impacting a target composed of a sample sandwiched between a buffer plate and a window plate. Among the six testing methods described in figure 1, three of them are based on the use of a 'functional' flyer plate. The configurations in figure 1b-d correspond, respectively, to the use of 'particulate', 'graded' and 'wavy-machined' flyer plates. The three other configurations based on the use of a 'functional' buffer plate rely, respectively, on the use of 'particulate', 'graded' and 'wavy-machined' buffers (figure 1e-g). All these configurations aim at producing a shockless compression (isentropic loading) in the tested target. Thanks to the buffer plate, a quasi-homogeneous loading (through the transverse direction) is induced in the target.
In this work, the configurations in figure 1d and 1g based on the use of 'wavy-machined' flyer plates or buffer plates are considered. 
using the explicit transient dynamic finite-element (FE) code Abaqus/Explicit. The objective of these simulations is to design the flyer and/or buffer plate, and also to assess the influence of the buffer plate on the loading time and stress level. Indeed, the thicker the buffer plate, the shorter the available loading time before the perturbations of lateral release waves. The principle of the experimental configuration is detailed in the second section as well as the numerical model and material parameters. A first calculation performed in 2D plane strain is detailed. In the next section, a single half-period is considered in the calculations. A mesh analysis is performed and the influence of the size of the 'wavy shape' is detailed in this part. The fourth section is dedicated to a comparison between 2D axisymmetric and 2D plane-strain configurations. In the fifth section, the possibility of applying a Lagrangian data analysis to the experimentally obtained data to determine the samples' stress-strain response is examined. Additionally, the influence of the position of measurement points along with the accuracy of the results obtained are discussed. Finally, conclusions are described in the last section of this study.
Numerical simulation of shockless plate-impact test considering a planestrain model
The objective of this section is to numerically design a shockless plate-impact testing configuration for use in testing brittle ceramic materials by considering the use of 'wavymachined' flyer and/or buffer plates. The ceramic material considered in this investigation is silicon carbide (Hexoloy). This material was previously experimentally tested using shockless isentropic compression by means of the GEPI pulse power generator as discussed by Zinszner et al. [28, 9, 29] . The first proposed experimental method is illustrated in figure 2a. For this experimental method, a 'wavy-machined' flyer plate impacts a target composed of a steel buffer disc that is in contact with two ceramic half discs. The window backing for this configuration is constructed using two LiF half discs. For this experimental method the diameter of impactor is 80 mm, and both the impactor and buffer plates have a thickness of 5 mm. It is assumed that the two ceramic half discs with thicknesses of 8 and 6 mm are employed with the proposed method and provide results that are usable in a Lagrangian data analysis of the experimental data in order to obtain the axial stress-strain response of the sample material. Transparent plates 6 mm in thickness are used for the window backing. The impact velocity of the flyer plate is set to 1 km s −1 . Three examples of 'wavy-machined' flyer plates produced using a chip-forming cutting process are illustrated in figure 2c. The 'wavy-machined' flyer plates are 80 mm in diameter and their wave periods (2a) are 1 mm, 3 mm and 4 mm. The geometry of the striker is defined according to figure 2b. The half-period of the 'cos shape' is denoted a and height is denoted h. Radius R in figure 2b is defined as a function of a and h according to equation (2.1) and prevents any slope discontinuity:
The explicit transient dynamic FE method using the Abaqus/Explicit (6.12) software was used to numerically simulate shockless plate-impact experiments. Both 2D plane-strain and 2D axisymmetric simulations were considered. For the 2D plane-strain simulations, C3D8R elements (eight-node hexahedral reduced integration elements) were used (the out-of-plane displacement being fixed to zero on all nodes), and for the 2D axisymmetric simulations, CAX4R elements (fournode axisymmetric reduced integration elements) were used. The dimensions and material types are given in table 1. An initial axial velocity of 1000 m s −1 was set for the striker, and all the other elements were given a zero initial velocity. A surface-to-surface contact algorithm was used to describe the contact between each component of the proposed flyer plate systems (striker/buffer; buffer/sample; sample/window backing; left/right window half discs, left/right sample half discs) with an assumed friction coefficient set to 0. 2 and buffer plate materials. A significantly high yield strength was assumed for the steel buffer plate in order to produce a pulse-shaping effect when the 'wavy surface' of the striker deforms. In addition, a linear relationship between the shock velocity (U S ) and the particle velocity (U p ) is considered using the EOS given by
where values of C 0 and s have been set according to data in the literature [38] . Shear modulus, elastic limit and parameters of the EOS of lithium fluoride (LiF) are provided in table 2 according to Meyers [38] . The HEL of the considered SiC material is 14.3 GPa according to equation (2.3) and is reported in figure 5a : Figure 3 provides the results of the numerical simulation performed with a = 2 mm and h = 0.5 mm. Figure 3a provides the field of axial stress at time T = 2 µs after impact. It is observed that, despite heterogeneous field of stress in the buffer plate due to the 'wavy' surface of the striker, the stress state in the sample is almost homogeneous along the transverse direction (except on the lateral edges due to the free surface boundary condition). Thus, the buffer plate homogenizes the stress field provided it is thick enough compared with the period of the 'wavy' surface of the striker plate (2a = 4 mm in the present calculation).
The axial stress versus time in elements regularly spaced along the axis of the sample, as shown in figure 3a , is plotted in figure 3b . The level of axial stress exceeds 18 GPa in amplitude in the mid-lower part of the sample. This indicates that the steel buffer plate and the 'wavy' surface of the flyer plate do not reduce the maximum level of loading applied to the sample significantly.
Lower stress values are observed in the mid-upper part of the sample due to the use of the LiF backing, which has lower impedance than the SiC ceramic. In addition, the 'wavy surface' of the striker produces rise times of approximately 0.7 µs, which is observed in any elements selected 
from the mid-lower part of the sample. Finally, the use of a 'wavy' machined striker plate enables an isentropic loading to be applied to the ceramic test sample.
Numerical simulation of shockless plate-impact test considering a halfperiod of wavy-shaped flyer plate
A series of numerical simulations were conducted by considering a single half-period of the wavy-shaped flyer plate. The three geometries considered are illustrated in figure 4a ('flat contact between flyer and buffer plates', 'wavy buffer plate' or 'wavy flyer plate'). The normal displacement is set to zero on the top and bottom surfaces to model the corresponding symmetry planes. The initial velocity of the flyer plate is set to 1 km s −1 (arrows of figure 4a). The length of both the striker and buffer plates is 5 mm. The lengths of the sample and window backing are 8 and 6 mm, respectively. The half-period and wave height of the wavy-shape flyer plate surface are taken to be a = 2 mm and h = 0.5 mm, respectively. The material parameters used for these simulations are provided in table 2. From the FE simulations of the three geometries considered, it is observed that a very short rise time occurs when both buffer and striker contact surfaces are flat. In the cases of 'wavy' flyer or buffer plate systems, a smooth rising edge is obtained. Additionally, in both cases a rise time of about 0.7 µs is observed according to stress versus time and particle velocity versus time curves as illustrated in figure 4b,c. Thus, 'wavy' flyer or buffer plates can be used to obtain shockless compression data. The influence of mesh size on the numerical simulations is illustrated in the sample stress versus time and particle velocity versus time curves in figure 5 . Homogeneous mesh sizes of 0.1, 0.2 and 0.3 mm were used with the numerical simulation of a 'wavy' impactor configuration. It is observed in figure 5 that essentially the same results are obtained irrespective of the mesh size used, which illustrates the negligible mesh-size sensitivity in these calculations. The influence of the wavy-surface height is discussed for the case of a wavy flyer plate. Three numerical simulations were done using the parameters given in table 3. For these simulations, three wave heights were considered, all having a constant height-to-period ratio (h/a = 0.25). The lengths of the striker, buffer, ceramic sample and backing are the same as those used in the previous analysis (5, 5, 8, 6 mm, respectively). In figure 6 , plots of the change of mean axial stress versus time at the buffer/sample interface and the mean particle velocity versus time at the sample/backing interface are provided. It is clearly observed that higher wave amplitudes (h) produce higher rise times and lower corresponding loading rates. The rise time of each calculation is estimated in table 3 by considering the time interval for growing from 5% to 95% of the maximum amplitude of the mean axial stress (buffer/sample interface or middle of the sample) or of the maximum sample particle velocity (sample/backing interface). Finally, the change of wavy-surface amplitude at the flyer or buffer plate contact surfaces provides a useful way to impose various rise times and loading rates on a sample being experimentally tested.
Additionally, figures 4 and 6 provide useful information about how to design a plate-impact experimental configuration that will provide the required rise time and maximum loading. On the one hand, as long as the maximum stress level (approx. 19 GPa in this case) is high compared with the yield strength of the striker and buffer (approx. 2 GPa in this case), the maximum stress and particle velocity are not linked to the shape of the wavy surface. According to the results in figure 4 , the flat contact configuration provides the same maximum stress amplitude at the buffer/sample interface and maximum particle velocity amplitude at the sample/backing interface as either the 'wavy' buffer or impactor plates (h = 0.5 mm). Consequently, the impact velocity of the striker plate needs to be adjusted as a function of the required loading amplitude and the shock properties of all materials (striker/buffer/sample/backing). On the other hand, as a first approximation, the height of the wavy surface (h) can be set equal to the product of the impact velocity of the striker by the required rise time (cf. interface increases until the gap between the two contact surfaces vanishes. At this time, the wavy striker behaves like a flat striker plate.
Comparison of axisymmetric and plane-strain calculations
The previous FE calculations were obtained using a 2D plane-strain model assuming no influence from out-of-plane (hoop-strain) deformations. This hypothesis is clearly invalid for radii smaller than the period of the wavy shape of the flyer or buffer plates. A FE numerical simulation in 2D axisymmetric mode was also obtained to assess in which zone this hypothesis is valid. This calculation was again done using the Abaqus/Explicit FE code with the material parameters provided in table 2. Additionally, an intermediate mesh size of 0.2 mm with the parameters a = 2 mm and h = 0.5 mm using four-node CAX4R elements (reduced integration) were employed with this simulation. The length of each plate is unchanged compared with the previous calculations (thicknesses of 5, 5, 8 and 6 mm, respectively, for the impactor plate, buffer plate, sample plate and backing plate). The diameter of each plate was set to 80 mm. The axial stress field is shown in figure 8a where its amplitude exceeds the HEL at the middle −1 ) at time T = 2.5 µs, (e) particle velocity versus time at the sample/backing interface for radii ranging from 0 to 40 mm, and (f ) particle velocity as a function of the radius at several times.
of the sample. As with the 2D plane-strain simulations, the 2D axisymmetric simulations also produce a homogeneous stress field along the radius as shown in figure 7a ,c despite the use of a 'wavy' impactor plate except for the smallest radius with R < 5 mm and the largest radius with R > 30 mm. The axial stress in the middle of the sample is plotted as a function of time for different radius values as plotted in figure 7b . It is shown that the influence of the radius value is insignificant in the range of values R = 4-28 mm in the first T = 3 µs. The same trend is also observed regarding the particle velocity at the sample/backing interface. No substantial influence from the radius values can be detected in the range of radius values R = 4 to 24 mm until time T = 3 µs, as shown in figure 7c,d ,e. In addition, a comparison was done using 2D planestrain FE simulations, and the same response was observed in terms of axial stress and particle velocity. Finally, these axisymmetric simulations provide validity for the previous 2D plane-strain FE half-period simulations provided that the radius is large enough compared with the wave period (2a), and small enough compared with the outer radius to ensure no influence from lateral release waves. 
Processing with a Lagrangian analysis
In comparison with conventional plate-impact experiments, where one point on the Hugoniot curve of the material is obtained per test, the Lagrangian data analysis method used with shockless plate-impact experiments allows the determination of the entire response (axial stress versus axial strain) of the tested sample material subjected to a uniaxial strain loading path. The Lagrangian data analysis method is based on two measurements of particle velocity at the sample/backing surfaces considering two samples of different thicknesses. The precondition required for a Lagrangian data analysis is to apply the same loading to each of the two samples. In this study, SiC ceramic specimens 6 mm and 8 mm in height are used. Additionally, lithium fluoride (LiF) is used for the window material.
The Lagrangian data analysis method is based on the integration of the conservation equations of mass, momentum and energy as discussed by Fowles & Williams [39] and Cagnoux et al. [40] . It is shown that, knowing the time difference between the two velocity signals (one signal from each sample), the longitudinal wave velocity C L (u p ) associated with each interface velocity can be calculated. Additionally, this wave velocity is not constant, but directly depends on the behaviour of the materials along with the level of particle velocity. The impedance ratio between the window material and the ceramic specimen allows the determination of the in situ particle velocity of the ceramic samples.
Increments of in situ particle velocities (du p ) and the associated wave velocity C L (u p ) allow the increments of axial stress dσ x , specific volume dv or axial strain dε x in the ceramic material to be obtained using
and
Numerical FE simulations of shockless plate-impact experiments have been used to determine the influence of the positions of velocity measurements (in relation to the wavy shape of the impactor) on the Lagrangian data analysis results. Different positions of measurement points have been considered. Figure 8 compares the results in terms of axial stress versus axial strain response obtained by processing the data of particle velocities at the sample/backing interface. In the first case (figure 8a), data of the 2D simulation of figures 2 and 3 that takes into account the possible influence of lateral release waves are used. Velocities are measured at the centre of each ceramic specimen's rear face. Data of 'halfperiod' numerical simulations were also considered (figure 8b-e). In these calculations, symmetry conditions are considered on the top and bottom surfaces (the absence of release waves) and two sample thicknesses are again considered (6 and 8 mm). Velocities are measured at different points on the ceramic specimen's rear face (at the interface with the window material) denoted by L (along the axis passing through the top of the wave surface), denoted by R (along the axis passing through the hollow of the wave surface) or denoted by M (along the axis passing through the middle of the wave surface). From figure 8f, it is shown that whatever the rear surface position the velocity signal used to perform the Lagrangian data analysis provides stress-strain relationships that are consistent. Additionally, the difference between the maximum and the minimum curves is less than 1. 5% .
In order to validate the results obtained from the Lagrangian data analysis method, the stressstrain relationship determined in figure 8a is compared with the stress-strain response obtained for the ceramic material's behaviour when subjected to a one-dimensional (1D) strain loading path as shown in figure 8h. It is observed that a small gap between the Lagrangian data analysis and 1D strain loading path results from figure 8h, and appears in the plastic region. This difference (approx. 2 .2%) is due to perturbations in the velocity signals that appear at the interface of the ceramic sample and the window material. These perturbations can be reduced by choosing sapphire as window material due to the fact that the impedance ratio between silicon carbide and sapphire is closer than that between silicon carbide and lithium fluoride.
Conclusion
Currently, a deeper understanding of the mechanical behaviour and damage modes of brittle materials such as ceramics as a function of the loading rate is required. with both of these dynamic brittle material testing techniques, the design and application of these types of solutions remain delicate and expansive. Therefore, for these reasons, a new dynamic brittle material testing method which avoids these problems is proposed in this study. This new proposed method is based on the use of a 'wavy-machined' flyer plate or buffer plate that can be easily produced by chip-forming, and then employed with a conventional flyer plate system. A series of numerical calculations have been performed based on the use of the explicit transient dynamic FE code Abaqus/Explicit. The proposed testing configuration comprised a steel flyer plate and a target in which two ceramic half discs of different thicknesses are sandwiched between a steel buffer disc and a LiF window backing, which was simulated in 2D plane-strain or 2D axisymmetric FE configurations. Results from these simulations revealed the following:
-A pulse-shaping effect due to the 'wavy shape' provides a smooth loading pulse applied to the sample. -A useful effect produced by the buffer plate is that it homogenizes the stress field along the transverse (radial) direction. -A favourable effect with a similar influence is the 'wavy' pattern on the buffer or impactor plate. This smoothes the loading pulse applied to the sample, and produces an isentropic compression loading. -There appears to be a possibility to play with the wavy period and height to adjust the level of loading rate and rise time in the sample. -Similar sample responses are observed between both 2D plane-strain (half-period model) and axisymmetric calculations if the radius is large enough compared with the wave period (2a) and small enough compared with the outer radius of the sample. -The possibility of using a Lagrangian data analysis was examined for use in obtaining the sample's axial stress-strain response based on two measurements of particle velocity on the rear face of each half sample in contact with the window backing. It is shown that this method provides fairly accurate results. -A small influence of measurement points in relation to the wavy shape of the impactor is observed with the Lagrangian data analysis results.
Finally, results from the FE simulations indicate the potential of using machined 'wavy flyer' or 'wavy buffer' plates with plate-impact experiments. This allows for regular and accurately controllable loading rates applied to the sample with an isentropic compression loading. An experimental validation of the proposed technique constitutes the main prospect of this work.
